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INTRODUCTION 
From the beginning of this century, asbestos cement products have increasingly 
been used within the building trade, which means that their consumption is estimated 
to form about 30 million tons a year at present [l]. 
Because of the danger to health, which is connected with production and appli-
cation of asbestos-containing materials [2], a large development work has taken 
place lately to try to develop types of fibres, which can replace asbestos. There 
are many demands on such fibre types and in excess of the primary requirements (for 
example, the mechanical properties, durability in cement and good adherence to 
cement) it is desirable that the present production methods can be used. 
The two dominant production methods (the Hatschek and the Magnani processes) 
[3] in principle consist of a preparation of an aqueous slurry of cement and fibres. 
The slurry is filtered off on a woven felt and this process results in a sheet which 
is moulded and cured. In the processes, only discontinuous fibres can be used, and 
the fibre distribution cannot be controlled directly, but is dependent on other 
fibre parametres, production processes and equipment. 
STATEMENT OF PROBLEM 
In the development of cement products reinforced with other kinds of fibres 
than asbestos it is important to be able to separate the effect of the parametres 
which influence the results, as a satisfactory result is a compromise between ma-
terial and process variables. 
The purpose of this investigation was to try to find a method which is easy to 
use for measuring the uniformity of the fibre distribution. 
Although it is possible to measure the uniformity of the fibre distribution by 
counting the quantity of fibres in a grating y microscopy of surface grind, this 
method is very time-consuming and uncertain, especially with certain types of fibres. 
This is the case with the fibres used in this investigation, as they have a low mean 
diameter, and the fibres are difficult to distinguish from the cement matrix, be-
cause the colour.of the fibres is almost that of the cement matrix. 
SCOPE OF INVESTIGATION 
In this investigation we therefore chose to try to measure the fibre distri-
bution by radiography and investigate the importance of differences in the fibre 
distribution by correlating the result from the radiographic measurement with the 
flexural strength of the sample specimen. 
Introductory examination of a test plate has shown that cement plates of this 
type can be best radiographed with soft X-rays (below 50 kV, with a beryllium window 
X-ray tube). X-ray radiographs can be taken both on X-ray film and on radiographic 
paper [4]. Densitometric scanning of radiographs can be performed on a scanning 
table either by a transmission (for X-ray films) or reflection (for radiographic 
paper) densitometer [5,6]. 
To be able to detect inhomogeneities in the plates they are produced as plates 
with constant thickness. To avoid noxious effects of scattered radiation at the 
edges, the plates shall have even and smooth edges. 
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According to these recommendations 8 test piates were produced. 
Their dimensions are 115 x 240 ran and they have thicknesses from 7.0 to 10.5 mm. 
All the above plates were radiographed on X-ray film and radiographic paper and 
the radiographs were thereafter scanned with densitometers. The results of the 
scanning were recorded on a strip chart recorder. 
The investigation consisted of: 
1. Choice of exposure factors (kV, mAmin, focus-film-distance) for each plate 
so as to obtain radiographs of the highest quality. 
2. Choice of X-ray film and radiographic paper. 
3. Choice of scanning table and chart recorder speed for the scanning of 
radiographs. 
4. Choice of chart recorder sensitivity. 
5. Choice of aperture in the densitometer during scanning. 
6. Taking of radiographs of the 8 plates on X-ray film and radiographic paper. 
7. Scanning of radiographs. 
8. Investigation of the correlation between the scanning results and mechan-
ical properties of the plates. 
Specimen Preparation 
This investigation was carried out with cement plates made in the laboratory 
and reinforced with Spinrock alkali-resistant fibres as the only fibre component. 
Cement; Normal Danish Portland Cement with a Blaine number of 320 m^/kg was 
used without any additives. 
Fibres; Spinrock alkali-resistant fibres, produced by Rockwool International, 
Denmark, is a mineral fibre, especially developed for application in cement. Two 
different types were used in this investigation: [7] 
Average length Average diameter Tensile strength 
DPX 150 m 5 um 1500 MPa 
DX 800 um 5 urn 1500 MPa 
Preparation Procedure 
For each plate a total of 400 g of cement and fibres was used. The fibres were 
dispersed in the quantity of water, concordant with the slurry concentration used, 
and mixed for 5 minutes in the laboratory pulper with a speed of 1000 rpm. The 
cement is added and the mixing procedure is repeated. The slurry is then filtered 
off in a laboratory sheet former with a wire mesh with 150 um openings, under a 
vacuum of 0.8, m water column. The dimension of the sheet is 25 x 12 cm. Finally 
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the sheets are compressed with a pressure of 6 MPa, cured for one week at 20°C and 
100% rh, and dried out for 24h at 110°C. 
Experimental Plan 
As previously mentioned, it is net possible arbitrarily to control the fibre 
distribution with discontinuous fibres. The investigation was therefore planned as 
a 2 factorial design with the following [8] three factors which in our experience 
will affect the fibre distribution. 
A. Fibre length 
B. Fibre content 
C. Slurry concentrat ion 
Re A: Two types of f i b r e s , DPX and DX, with average length of 150 and 800 urn, 
corresponding t o aspect r a t i o s of 30 and 160 were used. 
Re B: We used two d i f f e r e n t f i b r e content s , 5W% and 15W% of dry mater ia l . 
These concentrat ions represent the assumed r e a l i s t i c upper and lower l i m i t s of the 
content of Spinrock f i b r e s i n cement. 
Re C: The s l u r r i e s were prepared with the fo l lowing concentrat ions: 6 . 7 W% 
and 25 W% of dry materia l i n water. These two concentrat ions were s e l e c t e d , as they 
are r e p r e s e n t a t i v e for the concentrat ions used i n the Hatschek and Magnani p r o c e s s . 
APPARATUS FOR THE RADIOGRAPHIC EXAMINATION 
X-ray Machine 
The prel iminary i n v e s t i g a t i o n [9 ] has shown that s o f t X-rays should be used for 
radiography. Such radia t ion can be obtained from a beryl l ium window x-ray tube 
operat ing in the low kV range. The Balteau 5-50 kV X-ray machine was used, with a 
0 .5 ram f o c u s , beryl l ium window X-ray tube. This machine can be used from 5 t o 50 kV 
at a maximum of 10 (at 50 kV) t o 20 (at 25 kV) mA. The X-ray tube, with grounded 
anode, i s water coo led . 
X-ray Film and Radiographic Paper 
Kodak Industrex M, C and D X-ray f i l m s , having d i f f e r e n t speed and g r a i n i n e s s , 
were t e s t e d . I t was proved that the r e l a t i v e l y f a s t D f i lm can produce radiographs 
of adequate q u a l i t y (sharpness, contras t ) and at the same time can reduce exposure 
t ime. The X-ray f i lm i s used without i n t e n s i f y i n g s c r e e n s . 
Radiography on paper was made with the Agfa Gevaert S truc tur ix IC paper. A 
f l u o r e s c e n t i n t e n s i f y i n g screen , S truc tur ix IC type II ,was used. 
X-ray f i lms were processed by hand using the standard process ing s o l u t i o n s (4 
min development a t 20°C) whereas automatic process ing (Structurix IC 50) was used 
for the radiographic paper (ca. 15 s p r o c e s s i n g ) . 
Rig id aluminium c a s s e t t e s were used both for the X-ray f i lm and radiographic 
paper. Pro tec t ion from s c a t t e r e d rad ia t ion around p l a t e edges was assured by lead 
s t r i p s surrounding the p l a t e . 
Lead markers were used for i d e n t i f y i n g of radiographs. 
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Scanning Apparatus 
The scanning apparatus, shown on Figs. 1 and 2, consists of a scanning table 
(1), on which X-ray film (3, Fig. 1) or radiographic paper (2, Fig. 2) is placed. 
An electric motor (3) coupled to a gear-box (4) pulls the scanning table by 
means of the rod (5), under the densitometer (6). By means of the gear-box 10 dif-
ferent scanning speeds can be chosen. 
Film (or paper) density measured by the densitometer (6) is recorded on the 
strip chart recorder (7). The movement of the scanning table is controlled by the 
panel (8). 
The measuring probe of the reflection densitometer is shown as (9) on Fig. 2. 
X-ray film density is measured during scanning by a transmission densitometer. 
The Macbeth Quanta Log TD 100 densitometer (Fig. 1) is used. Radiographic paper 
density is measured by a reflection densitometer (Fig. 2). There, model R70B of the 
Electronic Systems Engineering Co. densitometer is used. 
Density measurements are recorded on (7). This recorder has several paper 
speeds and recording sensitivities. A Hewlett Packard 7100 Strip Chart Recorder 
was used. 




 vfc . 
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Fig. 2 Scanning apparatus for radiographic paper 
PRINCIPLE OF THE RADIOGRAPHIC SCANNING 
The attenuation of X-rays emitted from an X-ray tube occurs according to the 
following law: 
J = J e 
o 
•\ix 
where: J - i n t ens i t y of X-rays impinging upon the p l a t e under examination; 
J - i n t ens i t y of X-rays which have passed the p l a t e and en te r the X-ray film 
or paper; 
u - l inear a t tenuat ion coeff icient} 
x - p la te th ickness . 
During the radiographic examination of a p a r t i c u l a r p l a t e the p l a t e thickness 




The attenuation coefficient M depends both on the radiation energy (kV) and the 
material properties of the plate. For a giv<»n exposure the radiation energy is con-
stant, so the attenuation coefficient depends only on the material properties of the 
plate under examination. 
The optical density (D) of a radiograph is defined as: 
L 
D « log-^ 
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where I.0 is the light intensity impinging on the- radiograph during viewing and I. is 
the light intensity that has passed through the fil« or was reflected from the 
paper. 
If the plate is composed of only one material (e.g. cement) than u will depend 
only on the physical density of this material; for higher density the u will be 
higher and vice vers*. The differences of density of a plate of constant thickness 
will be revealed as differences of optical densities on toe radiographs: higher op-
tical density means lower material density and vice versa. 
If, however, the plate is composed of two (or more) different materials with 
dissimilar attenuation properties (e.g. cement and glass fibre), the resulting 
attenuation coefficient will depend on the relative composition of those materials. 
For a plate of constant thickness the differences of composition of those materials 
will be revealed as differences of optical density on the radiographs. 
As can be seen, the inhomogeneities of the plate composition manifest them-
selves as differences of the attenuation coefficient u and will result in differ-
ences of x-ray intensities J reaching the film or paper. This intensity J multi-
plied by the exposure time t gives the film or paper exposure. 
E « J.t 
The optical density of the X-ray film (Df) or paper (D_) depends on this ex-
posure E. The relation between the optical density and the exposure: 
D » f (E* 
is called the characteristic curve of X-ray film or paper. 
Figure 3 shows characteristic curves of the Kodak Industrex D x-ray film (ex-
posed without intensifying screen) and Agfa Gevaert Structurix IC paper (exposed 
with IC II screen) taken at 30 kV. The curves are produced as: 
D - f (log E). 
As can be seen the optical density of an X-ray film increases constantly with 
exposure, whereas paper density reaches a saturation level. 
From the characteristic curves paper or film contrast (y) can be calculated as: 
Y » tg o 
The film contrast (in the practicable range) is usually higher than the highest 
paper contrast, which means that small variations in plate homogeneity will be more 
noticeable on the film than on paper, because for the same difference of exposure AE 
Larger difference of optical density can be produced on film (iDj) than on paper 
(ADp): iDf>ADp. 
Having produced radiographs of the plates under examination, those radiographs 
are thereafter submitted; to a scanning procedure, during which che radiograph is 
pulled under a densitometer, which measures the optical density and records it on a 
»trip chart recbrder. ', , " ' ' ' ' " | 
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Fig. 3 Characteristic curves of X-ray lilm and paper at 30 kV 
RADIOGRAPHIC EXPOSURE TECHNIQUE 
First, all the 8 plates were radiographed together on a 50 x 60 cm paper at 
32 5 kV and a 120 cm FFD. Thereafter two radiographs of each plate were taken on 
radiographic paper: one for scanning purposes, the other for assessment at Rockwool. 
Th- se were taken at kilovoltages (kV) that will produce approximately the same paper 
density (Dp » 1.0) at a constant exposure (mAmin) and FFD (cm). 
For radiography on X-ray film the same kilovoltage was used as for paper. The 
exposure (mAmin) of all paper radiographs was the same. 
All radiographs were taken at 15 mA. The exposure time for X-ray film (pro-
ducing densities of Df » 2.0) was 10 min (films exposed without intensifying screens), 
whereas for radiographic paper (used with fluorescent intensifying screen) the ex-
posure time was 3.5 min. 
Thus the Agfa Gevaert Structuric IC paper (with Structurix IC II screen) was 
about 3 times faster than Kodak Industrex D film. 
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The geometric unsharpness Ug of the radiographs taken with a 0 0.5 am X-ray 
tube at a F » 500 mm FFD of the plates of maximum thickness d * 10.5 mm can be cal-
culated as follows: 
„ 0 • d 0.5 x 10.5 „ .. 
°g " "P=T * 500-10.5 * °'01 BBn 
This unsharpness is less than the internal unsharpness of either x-ray film or 
radiographic paper and can give sharp radiographs. 
Figure 4 shows a photograph of an X-ray film radiograph of plate No. 2. 
Fig. 4 Radiograph of a 7 mm thick plate 
SCANNING PROCEDURE AND RESULTS 
x-ray film radiographs were scanned by the use of the transmission densitometer 
(6 on Fig. 1). This densitometer has three diaphragms of the following diameter: 
1.0, 1.6 and 3.0 mm, which give the scanning area of 0.8, 2.0 and 7.0 mm2. The re-
flection densitometer (6 on Fig. 2) has only one diaphragm: 1.6 mm in diameter 
(scanning area 2.0 mm2). 
To be able to compare the scanning results obtained from film and paper radio-
graphs (of the sane plate), on both densitometers the 0 1.6 mm diaphragm was used. 
Film radiographs of the same plate were also scanned using diaphragms of different 
diameter as well as different recorder sensitivities. 
Figure 5 shows a photograph of two scans of the same RW2 plate: one (the upper) 
taken from a film radiograph and the other (the lower) from a paper radiograph. 
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Fig. 5 Scans taken from X-ray film and radiographic paper 
By comparing the scans of the same p l a t e from X-ray film and radiographic 
paper taken under the same scanning condi t ions , one can see tha t radiographic scans 
from film show greater differences of o p t i c a l d e n s i t i e s than those from radiographic 
paper. This i s due to the higher con t ras t of x-ray film than paper. 
• * 
Comparison was made of the influence of the diaphragm diameter on the scanning 
results. The film radiograms of a plate were scanned wi th 1.0/ 1.6 and 3.0 mm 
diaphragms. As could be seen with the increasing diameter of the diaphragm maximum 
differences in optical density were slightly decreasing. In all those instances 
where one is not interested in homogeneity variations in the plate along a rather 
narrow strip but would like instead to have some more average results, one can use 
larger diaphragm apertures during the scanning. 
To investigate the reproducibility of the scanning result for the same plate 
radiograph and scanning settings, for each aperture the scans have been repeated 
twice. 
CALIBRATION POSSIBILITIES 
To be able to assess quantitatively the findings of the radiographic scanning a 
calibration procedure can be developed along the following lines. 
Samples of plates with known, calibrated content and composition of the ma-
terials from which the plates to be controlled are produced, can be made in thick-
nesses corresponding to the thicknesses of the plates under contrcl. Those cali-
bration plates could be produced in such a way as to represent tolerance limits for 
the product under control. The calibration plates will be thereafter radiographed 
together with the other plates. After performing radiographic scanning for both the 
calibration plates and the plates under control one will be able to assess the 
radiograms and determine whether the tolerance levels, have not been exceeded. 
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EVALUATION OF DISTRIBUTION 
From the recorder strip, the optical densities were read with a distance of 
2.5 ma along the line where the densitometer scanning was made. On the basis of 
these measurements, the relative deviation (i.e. deviation in proportion to the 
level) was calculated as standard deviation in a logarithmic normal distribution. 
This deviation is as a quantitative expression of the distribution, used in the 
following, i.e. the larger deviation the poorer distribution. 
The results of the calculation of the deviations of the 8 plates are shown in 




























































Table 1 Results from the radiographic and mechanical test at the 8 plates. 
MECHANICAL TESTS 
The test plates were then cut out in specimens to test the flexural strength. 
Each plate was divided into 6 specimens with dimensions 3.5 x 12 cm so that the 
middle of each specimen, where the rupture was assumed to take place during the test, 
was on the line where the densitometer scanning previously had taken place. 
Thereafter the specimen was flexural strength tested under three point load 
with a span of 96 mm. 
The averages of the six measurements of each plate are stated in Table 1. 
RESULTS AND DISCUSSION 
To investigate if the calculated differences in the distribution (deviation) 
were in accordance with the measured differences in Che flexural, strength, we cal-
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culated the correlation (»e f f i c i ent between the deviation and the flexural strength: 
r » - 0.82 
as it exceeds the 95% quantile in statistics tables, the correlation is statistically 
significant [10] and 67% of the variation in the results is covariational in devi-
ation and flexural strength. 






















0 5 10 15 
DISTRIBUTION (% deviation) 
Fig. 6 Graphical picture of the correlation between flexural strength and 
distribution. The dotted line represents the least square linear 
fit 
To illustrate the correlation further, we have carried out an analysis of vari-
ance both for the distribution and the flexural strength ad shown in Table 2. This 
table shows that in both cases the fibre length has a very significant effect. This 
is in accordance with what we expected, that longer fibres are more difficult to 
distribute and therefore can result in inferior strength results. 
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As to the centent of fibres, the analysis of variance (factor B) shows that in-
crease in fibre content results in a slightly inferior distribution, whereas no 
effect is seen in the strength results. Normally an increase in fibre content should 
result in an increase in mechanical strength. On the other hand higher fibre content 
is »ore difficult to distribute. In this case we assune that these two opposite 
effects are in balance so that no change is seen in the test results. 
Source of 
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6.9{*) 
Factor.A - Fibre length 
Factor 3 - Fibre content 
Factor C - Slurry concentration 
* Significant at the 5% level [ll] 
**at the 1* level. 
Table 2 Analysis of variance of table 1 
CONCLUSIONS FROM THE RADIOGRAPHIC INVESTIGATION 
From the above-described investigation the following conclusions can be drawn: 
1. Oensitometric scanning is a sensible method for the control of glass-
fibre-reinforced cement plates. It can detect inhomogeneities in plates 
with great accuracy. 
2. For the control of plates described in this report soft X-rays shall be 
used, generated at kilovoltages below 50 kV in a beryllium window X-ray 
tube. 
3. Radiographs of the plates can be made either on a relatively fast X-ray 
film or on radiographic paper. The latter is much cheaper than the former. 
4. The quality of the paper radiographs is satisfactory. Although the con-
trast of the paper is lower than that of the film, inhomogeneities in the 
plates can very Well be revealed on paper radiographs. 
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5. Exposure time for the radiographic paper is shorter than for the X-ray film. 
6. Processing of the radiographic paper is much faster than that of the film 
(can be done in about 15 s). 
7. An automatic processing machine for the radiographic paper is comparatively 
cheap, compact and does not require a water supply. 
8. In view of the above facts paper radiographs can be recommended if routine 
control of the plates is envisaged. 
9. Scanning of radiographs can be performed with a relatively simple apparatus. 
For the purpose ordinary transmission (for film) or reflection (for paper) 
densitometers can be used. 
10. For routine scanning control of numerous plates it is worthwhile to design 
a special, simplified scanning table. 
11. To be able to assess the results of the densitometrie scanning quantitat-
ively it is necessary to produce calibration plates with the desired homo-
geneity. 
GENERAL CONCLUSIONS 
The distribution, measured as the relative standard deviation from the densi-
tometer scans is a very important material parameter as most of the variance in the 
strength results appears as covariance between the distribution and flexural strength 
in this investigation. 
We find that the distribution is strongly influenced by the fibre length - the 
shortest fibres give by far the best distribution. 
The distribution is also influenced by the fibre content, but to a small degree. 
Here we find that the lowest fibre content gives the best distribution. 
We do not think that the slurry concentration in the preparation has any effect 
on the distribution. 
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of different speed and graininess were used, and 
it was proved that a relatively fast Kodak Indu-
strex D film can produce radiographs of adequate 
quality. An Agfa-Gevaert Structurix IC paper can 
also be used. 
Radiographs of cemerit plates, taken both on x-ray 
film and paper were scanned using a transmission. 
or reflection densitometer. Optical density rea-
dings from the densitometer were fed into a paper 
chart recorder. 
The results of the radiographic test were transferred 
to a quantitative measure by densitometer scanninj 
from which the relative standard deviations in thp 
optical densities were used. These measures show 
a significant correlation with the flexural strengths, 
measured on the same specimens. 
We therefore conclude that the material distribu-
tion can be measured by X-ray radiography, and 
that this distribution is a very important para-
meter for the evaluation of the quality of cement 
plates reinforced with discontinuous mineral 
fibres. 
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